EP 2 695 762 A2

(1 9) Europdisches

: Patentamt

European
Patent Office

Office européen
des brevets

(11) EP 2 695 762 A2

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication:
12.02.2014 Bulletin 2014/07

(21) Application number: 13179769.8

(22) Date of filing: 08.08.2013

(51) IntClL:

B60L 3/00 (2006.07) B60L 3/02 (2006.07)

B6OL 3/04 (2006.0)

(84) Designated Contracting States:
AL AT BE BG CH CY CZDE DK EE ES FI FR GB
GRHRHUIEISITLILT LULV MC MK MT NL NO
PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA ME

(30) Priority: 09.08.2012 JP 2012177618
12.07.2013 JP 2013146698

(71) Applicant: GS Yuasa International Ltd.
Kisshoin
Minami-ku, Kyoto-shi
Kyoto 601-8520 (JP)

(72) Inventors:

* ltagaki, Takeshi
Kyoto, 601-8520 (JP)

* Shiraishi, Takeyuki
Kyoto, 601-8520 (JP)

(74) Representative: Isarpatent

Patent- und Rechtsanwailte
Friedrichstrasse 31
80801 Miinchen (DE)

(54) Electric storage apparatus and power path switch apparatus

(57)  Anelectric storage apparatus (1) includes: a lith-
ium-ion secondary cell (20); a battery voltage measuring
unit (11) and a charging/discharging voltage measuring
unit (12) for measuring a potential difference between
two arbitrary points on a charging/discharging path; a
current measuring unit (17) for measuring a current flow-
ing on the charging/discharging path; a latch relay (30)

disposed between the two points on the charging/dis-
charging path; a switch controller (14) for driving the latch
relay (30); and a drive determining unit (15) for determin-
ing the operational state of the latch relay (30) based on
the control state of the switch controller (14) and at least
one of the measurement result of the voltage measuring
unit (11, 12) and the measurement result of the current
measuring unit (17).
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Description
FIELD
[0001] The presentinvention relates to an electric stor-

age apparatus having an electric storage device, and the
like.

BACKGROUND

[0002] A secondary battery such as a lithium-ion sec-
ondary cell is generally provided in the form of a battery
pack having a battery cell and a protective circuit inte-
grated with each other, so as to safely secure cooperation
between the battery cell and an outside load or a battery
charger to be connected to the battery cell.

[0003] The protective circuit is provided with a cutoff
switch such as a relay for cutting off a power path con-
necting the battery cell and the outside load in case of
an emergency. When the protective circuit detects ab-
normality such as overcharge, it immediately actuates
the cutoff switch to thus cut off the power path, thereby
protecting the battery cell and the outside load or the like

(see, for example, paragraph [0002] in JP-A-
2010-140785).
[0004] When a battery pack having a high output is

used in outdoor environment as a power supply for an
electric vehicle (EV), a power supply for home, or indus-
trial power supply, malfunction may be caused. Further-
more, there is a difficulty in detecting abnormality with
high stability. Thus, there is a demand for further improv-
ing the reliability of the protective circuit.

SUMMARY

[0005] The present invention has been accomplished
in view of the above-described demand. An object of the
present invention is to provide an electric storage appa-
ratus and a power path switch apparatus that can en-
hance determination accuracy in switching a charging/
discharging path or a power path so as to achieve highly
reliable protection.

[0006] An electric storage apparatus according to an
aspect of the present invention includes: an electric stor-
age device; a potential difference measuring unit for
measuring a potential difference at two arbitrary points
on a charging/discharging path for the electric storage
device; a self-holding switch disposed between the two
points on the charging/discharging path; a current meas-
uring unitfor measuring a current flowing on the charging/
discharging path ; a switch controller for controlling
switching of the self-holding switch based on at least the
state of the electric storage device; and an operational
state determining unit for determining the operational
state of the self-holding switch based on the control state
of the switch controller and at least one of a result meas-
ured by the potential difference measuring unit and a
result measured by the current measuring unit.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0007]

Fig. 1 is ablock diagram illustrating the configuration
of an electric storage apparatus according to an em-
bodiment of the present invention;

Fig. 2 is a flowchart illustrating the operation of an
electric storage apparatus according to a first em-
bodiment of the present invention;

Fig. 3A is a graph illustrating the operation of the
electric storage apparatus according to the first em-
bodiment of the present invention;

Fig. 3B is another graph illustrating the operation of
the electric storage apparatus according to the first
embodiment of the present invention;

Fig. 4 is a flowchart illustrating the operation of the
electric storage apparatus according to the first em-
bodiment of the present invention;

Fig. 5 is a flowchart illustrating the operation of an
electric storage apparatus according to a second
embodiment of the present invention;

Fig. 6 is a graph illustrating the operation of the elec-
tric storage apparatus according to the second em-
bodiment of the present invention;

Fig. 7 is a flowchart illustrating another operation of
the electric storage apparatus according to the em-
bodiment of the present invention;

Fig. 8Ais a flowchart illustrating the operation of an
electric storage apparatus according to a third em-
bodiment of the present invention;

Fig. 8B is another flowchart illustrating the operation
of the electric storage apparatus according to the
third embodiment of the present invention;

Fig. 9 is a flowchart illustrating the operation of an
electric storage apparatus according to a fourth em-
bodiment of the present invention;

Fig. 10 is a block diagram illustrating another con-
figurational example of an electric storage apparatus
according to the embodiment of the present inven-
tion; and

Fig. 11 is a block diagram illustrating the configura-
tion of a power path switch apparatus according to
another embodiment of the present invention.

DESCRIPTION OF EMBODIMENTS

[0008] An electric storage apparatus according to one
aspect includes: an electric storage device; a potential
difference measuring unit for measuring a potential dif-
ference at two arbitrary points on a charging/discharging
path for the electric storage device; a self-holding switch
disposed between the two points on the charging/dis-
charging path; a current measuring unit for measuring a
current flowing on the charging/discharging path; a
switch controller for controlling switching of the self-hold-
ing switch based on at least the state of the electric stor-
age device; and an operational state determining unit for
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determining the operational state of the self-holding
switch based on the control state of the switch controller
and at least one of a result measured by the potential
difference measuring unit and a result measured by the
current measuring unit.

[0009] In the electric storage apparatus, the current
measuring unit may measure the current between the
electric storage device and the self-holding switch or at
one arbitrary point on a path connected to a negative
electrode of the electric storage device.

[0010] Inthe electric storage apparatus, the operation-
al state determining unit may cause the switch controller
to drive the self-holding switch in the case where the op-
erational state of the self-holding switch and the control
state of the switch controller are differentfrom each other.
[0011] In the electric storage apparatus, in the case
where the switch controller controls the self-holding
switch so as to turn it into a closed state, the operational
state determining unitmay determine that the operational
state of the self-holding switch is an open state when a
difference between an electric storage device voltage be-
tween the electric storage device and the self-holding
switch and a charging/discharging voltage between the
self-holding switch and a charging source or a discharg-
ing destination becomes a predetermined value or more.
[0012] In the electric storage apparatus, in the case
where the switch controller controls the self-holding
switch so as to turn it into a closed state, the operational
state determining unitmay determine that the operational
state of the self-holding switch is an open state when the
range of fluctuations of a difference between an electric
storage device voltage between the electric storage de-
vice and the self-holding switch and a charging/discharg-
ing voltage between the self-holding switch and a charg-
ing source or a discharging destination becomes a pre-
determined value or more.

[0013] In the electric storage apparatus, in the case
where the switch controller controls the self-holding
switch so as to turn it into a closed state, the operational
state determining unitmay determine that the operational
state of the self-holding switch is an open state when the
magnitude of a difference between an electric storage
device voltage between the electric storage device and
the self-holding switch and a charging/discharging volt-
age between the self-holding switch and a charging
source or a discharging destination or the range of fluc-
tuations of the difference becomes a predetermined val-
ue or more, and further, the current measured by the
current measuring unit is substantially 0 [A].

[0014] In the electric storage apparatus, in the case
where the switch controller controls the self-holding
switch so as to turn it into an open state, the operational
state determining unit may determine that the operational
state of the self-holding switch is a closed state when a
difference between an electric storage device voltage be-
tween the electric storage device and the self-holding
switch and a charging/discharging voltage between the
self-holding switch and a charging source or a discharg-
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ing destination becomes substantially 0 [V].

[0015] In the electric storage apparatus, in the case
where the switch controller controls the self-holding
switch so as to turn it into an open state, the operational
state determining unit may determine that the operational
state of the self-holding switch is a closed state when a
difference between an electric storage device voltage be-
tween the electric storage device and the self-holding
switch and a charging/discharging voltage between the
self-holding switch and a charging source or a discharg-
ing destination becomes substantially 0 [V], and further,
the current measured by the current measuring unit is
substantially larger than 0 [A].

[0016] In the electric storage apparatus, the self-hold-
ing switch may be switched in response to a pulse signal.
[0017] In the electric storage apparatus, the self-hold-
ing switch may be a latch relay.

[0018] Inthe electric storage apparatus, a notifying unit
may be provided for notifying an alarm in the case where
the operational state of the self-holding switch deter-
mined by the operational state determining unit is differ-
ent from the control state of the switch controller.
[0019] A power path switch apparatus according to an-
other aspectof the presentinventionincludes: a potential
difference measuring unit for measuring a potential dif-
ference between two arbitrary points on a power path; a
self-holding switch disposed between the two points on
the power path; a current measuring unit for measuring
a current flowing on the power path; a switch controller
for controlling switching of the self-holding switch based
on at least the operational state on the input side of the
power path; and an operational state determining unit for
determining the operational state of the self-holding
switch based on the control state of the switch controller
and at least one of a result measured by the potential
difference measuring unit and a result measured by the
current measuring unit.

[0020] A power path switch method according to still
another aspect of the present invention includes the
steps of: measuring a potential difference between two
arbitrary points on a power path; measuring a current
flowing on the power path; controlling switching of a self-
holding switch disposed between the two points on the
power path by a switch controller based on at least the
operational state on the input side of the power path; and
determining the operational state of the self-holding
switch based on the control state of the switch controller
and at least one of the measurement result of a potential
difference and the measurement result of a current.
[0021] According to the above-described aspects of
the present invention, the determination accuracy with
respect to the switch of the charging/discharging path or
the power path can be enhanced in protecting the electric
storage apparatus or the like, and therefore, the high re-
liability can be achieved.

[0022] Embodiments of the present invention will be
described below with reference to the attached drawings.
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(First Embodiment)

[0023] Fig. 1 is a block diagram illustrating the config-
uration of an electric storage apparatus 1 according to a
first embodiment of the present invention.

[0024] As illustrated in Fig. 1, the electric storage ap-
paratus 1 according to the first embodiment includes a
protective circuit 10 and a lithium-ion secondary cell 20
serving as a battery cell to be connected to the protective
circuit 10. Here, the lithium-ion secondary cell 20 may be
a single battery cell or may be a plurality of cells in con-
nection.

[0025] In the protective circuit 10, a battery voltage
measuring unit 11 and a charging/discharging voltage
measuring unit 12 measure a voltage in a main circuit
serving as a charging/discharging path formed between
an outside load or a battery charger connected to the
electric storage apparatus 1 and the lithium-ion second-
ary cell 20. A current measuring unit 13 measures a cur-
rent flowing in a path between a latch relay 30 and the
outside load or the battery charger in the main circuit. A
switch controller 14 acquires information from the battery
voltage measuring unit 11, the charging/discharging volt-
age measuring unit 12, and other measuring units inside
of the protective circuit 10, and then, controls the switch-
ing of the latch relay 30, described later, based on the
information.

[0026] When a current measuring unit 17, described
later, fulfills the function of the current measuring unit 13,
the current measuring unit 13 may be omitted.

[0027] A drive determining unit 15 is implemented by
a central processing unit (abbreviated as a "CPU") or the
like. The drive determining unit 15 acquires information
from each of the battery voltage measuring unit 11, the
charging/discharging voltage measuring unit 12, and a
drive history memory 16, and then, controls the switch
controller 14 based on the information. The drive history
memory 16 isimplemented by a memory or other memory
devices, and thus, stores the history of an operational
command from the switch controller 14 to the latch relay
30. The current measuring unit 17 measures a current
flowing in a path between a negative electrode of the
lithium-ion secondary cell 20 and a negative electrode of
the outside load or the battery charger in the main circuit.
It is preferable that the above-described configuration is
implemented on one and the same processor Cinamon-
olithic manner.

[0028] When the current measuring unit 13 fulfills the
function of the current measuring unit 17, the current
measuring unit 17 may be omitted.

[0029] Thelatchrelay 30 is disposed between the con-
nection position of the battery voltage measuring unit 11
and the connection position of the charging/discharging
voltage measuring unit 12 in the main circuit. The latch
relay 30 is opened or closed in response to a control
signal output from the switch controller 14, and is kept
closed in a normal state. A thermistor 40 is a device for
giving information on temperature of the lithium-ion sec-
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ondary cell 20 to the switch controller 14 as an electric
resistance.

[0030] In the above configuration, the electric storage
apparatus 1 corresponds to an electric storage appara-
tus; the battery voltage measuring unit 11 and the charg-
ing/discharging voltage measuring unit 12 correspond to
a potential difference measuring unit; the latch relay 30
corresponds to a self-holding switch; and the switch con-
troller 14 corresponds to a switch controller. Moreover,
the lithium-ion secondary cell 20 corresponds to an elec-
tric storage device; and the drive history memory 16 and
the drive determining unit 15 correspond to an operation
state determining unit. Furthermore, the current meas-
uring unit 13 or the current measuring unit 17 corre-
sponds to a current measuring unit.

[0031] The operation of the electric storage apparatus
1 according to the first embodiment of the presentinven-
tion having the above-described configuration will be de-
scribed with reference to the flowcharts of Figs. 2 and 4.

(Operation during Charging)

[0032] A description will be given of operation when a
battery charger is connected to an outside connecting
terminal 50 in the protective circuit 10 so as to electrically
charge the lithium-ion secondary cell 20 with reference
to the flowchart of Fig. 2.

[0033] When the battery charger is connected, a cur-
rent and temperature information are given to the switch
controller 14 from the current measuring unit 13 and the
thermistor 40, respectively, in step 101. Next, a voltage
of the main circuit is given from the battery voltage meas-
uring unit 11 to the switch controller 14 in step 102, and
then, the lithium-ion secondary cell 20 is electrically
charged in step 103. Here, a current value may be given
from the current measuring unit 17 in step 101. The cur-
rentmeasuring unit 17 may acquire or monitor the current
value in each of the steps, although not specially expli-
cated in the following description and each of embodi-
ments, either.

[0034] During the charging operation, the battery volt-
age measuring unit 11, the current measuring unit 13,
and the thermistor 40 keep monitoring the voltage value,
the current value, and a resistance value in the charged
state of the lithium-ion secondary cell 20 (step 104). In
an abnormal charged state, that s, in the case of numeric
values or numeric changes unsuitable for continuation
of the charging operation such as overcharging, temper-
ature rising-up, a decrease in voltage, or fluctuations of
a voltage, the control routine proceeds to step 105, in
which the operation of the latch relay 30 opens the main
circuit under control.

[0035] The switch controller 14 outputs a control signal
thatis a pulse signal of 1 bit. The latch relay 30 is opened
in response to the control signal from the switch controller
14. In this manner, the main circuit is opened, and then,
the charging operation is stopped. Here, the latch relay
30 and the switch controller 14 mutually transmit and
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receive the signal in a sequential manner. Once the con-
trol signal is output, the latch relay 30 is kept opened
without any continuous input of the control signal or the
operating current.

[0036] Moreover, after the confirmation of the opening
operation of the latch relay 30, a user inspects the electric
storage apparatus 1. Thereatfter, itis determined whether
or not the lithium-ion secondary cell 20 returns to the
normal state based on the monitoring of the battery volt-
age measuring unit 11 or the like by the switch controller
14 (step 112). If the lithium-ion secondary cell 20 returns
to the normal state, the switch controller 14 outputs a
control signal so as to close the latch relay 30 (step 106),
and then, the main circuit is returned to the closed state.
Incidentally, the main circuit may be returned to the
closed state at a timing when the normally charged state
is recognized again.

[0037] The above-described operation is identical to a
charging operation in a well-known protective circuit. The
drive history memory 16 monitors the control signal out-
put from the switch controller 14, and then, stores the
latest control state of the latch relay 30 by the switch
controller 14. The control states include two states, that
is, the open state and the closed state, and therefore,
the state may be held as a flag of 1 bit.

[0038] Subsequently, when the closed state of the
latch relay 30 is stored in step 104 or 106, the control
routine proceeds to step 107, in which the charging/dis-
charging voltage measuring unit 12 starts monitoring.
The drive determining unit 15 acquires the voltage values
from the battery voltage measuring unit 11 and the charg-
ing/discharging voltage measuring unit 12 that are oper-
ated heretofore, monitors a difference therebetween
(step 108), and determines whether or not the difference
is a predetermined value or more (step 109). It is prefer-
able that the voltage values acquired from the battery
voltage measuring unit 11 and the charging/discharging
voltage measuring unit 12 take a time width of about sev-
eral milliseconds in order to distinguish a noise, and take
an average value, a center value, or the like during the
time. The voltage value measured by the battery voltage
measuring unit 11 corresponds to an electric storage de-
vice voltage value; and the voltage value measured by
the charging/discharging voltage measuring unit 12 cor-
responds to a charging/discharging voltage value.
[0039] As the determination result in step 109, if the
difference between the voltage values is less than the
predetermined value, the control routine returns to step
107, and then, the drive determining unit 15 continues
monitoring each of the measurement values. On the oth-
er hand, if the difference is the predetermined value or
more, the control routine proceeds to step 110, in which
the drive determining unit 15 determines the malfunction
of the latch relay 30, and then, outputs the determination
result to the switch controller 14. The switch controller
14 that has received the determination result outputs a
control signal for closing the latch relay 30 (step 111) to
drive the latch relay 30.
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[0040] Here, a description will be given of the malfunc-
tion of the latch relay 30 and a correcting operation there-
for. Even in the state in which the latch relay 30 is closed
under control by a series of operations in steps 101 to
106, the latch relay 30 may be independently operated
so as to be possibly opened owing to a mixture of a pulse
noise from the outside, wherein the noise cannot be dis-
tinguished from the control signal as a pulse signal of 1 bit.
[0041] In the present embodiment, the actual open/
closed state of the main circuit by the operation of the
latch relay 30 is checked based on the measurement of
the voltages at upstream side and downstream side of
the latch relay 30 in the main circuit. Thus, the actual
state is referred to in addition to the control state of the
protective circuit 10, thereby determining the actual state
of the switch control in the main circuit.

[0042] Specifically, asillustrated in Fig. 3A, if the latch
relay 30 is normally held in the closed state, a voltage
V1 measured by the battery voltage measuring unit 11
and a voltage V2 measured by the charging/discharging
voltage measuring unit 12 are equal to each other during
a charging period of time (after a timing t0) in which a
charging start time voltage Va reaches a fully charged
voltage Vb. In contrast, as illustrated in Fig. 3B, when the
latch relay 30 is opened (after a timing t1), the voltage
V1 measured by the battery voltage measuring unit 11
is gradually decreased from a voltage Vc owing to the
characteristics of the battery: in contrast, a charging volt-
age Vd on the battery charger side is directly reflected
on the voltage V2 measured by the charging/discharging
voltage measuring unit 12.

[0043] Consequently, in the case where a sufficiently
large difference between the voltages, i.e., a sufficiently
large absolute value |V2-V1| is obtained, and also the
state of the drive history memory 16 is not caused by the
control by the protective circuit 10, the main circuit is de-
termined to be open and the malfunction of the latch relay
30 is recognized.

[0044] Inthis manner, according to the electric storage
apparatus 1 in the first embodiment, a potential is meas-
ured between two points where the latch relay 30 is held
in the main circuit. It is possible to confirm based on the
measurement result whether or not the open or closed
state of the main circuit correctly reflects the control by
the protective circuit. Consequently, it is possible to en-
hance the determination accuracy of the malfunction of
the circuit open or closed state caused by the intrusion
of an outside noise or the like. Incidentally, itis preferable
that the correction of the voltage V1 measured by the
battery voltage measuring unit 11 and the voltage V2
measured by the charging/discharging voltage measur-
ing unit 12 is performed in consideration of a voltage drop
inthe closed state of the latch relay 30 in order to enhance
the detection accuracy.

[0045] Moreover, in the present embodiment, the use
of the latch relay 30 as the switch for the main circuit can
produce the following effects.

[0046] In a relay used in a normal protective circuit, it
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is necessary to energize a coil serving as an incorporated
mechanism all the time during operation. Especially dur-
ing the drive, operation is achieved when arelay receives
a current from a storage battery inside of an electric stor-
age apparatus, thereby causing voltage fluctuations of
the lithium-ion secondary cell 20. Furthermore, while the
current flows in the coil, the impedance of the coil also
is fluctuated, thus fluctuating the current flowing in the
coil. This causes the voltage fluctuations of the lithium-
ion secondary cell 20. The voltage fluctuations of the bat-
tery prohibit the accurate voltage measurement in the
main circuit.

[0047] To the contrary, the latch relay 30 in the present
embodiment is a self-holding switch that is kept in the
open or closed state without any continuous flow of the
current from each of the units in the protective circuit 10.
Therefore, there are few voltage fluctuations (i.e., few
influences) in a section upstream and downstream of the
latch relay 30 including the lithium-ion secondary cell 20
in the main circuit.

[0048] Thus,the voltages measured by the battery volt-
age measuring unit 11 and the charging/discharging volt-
age measuring unit 12 can be obtained as the stable
values. The switch controller 14 and the drive determin-
ing unit 15 that monitor the voltages can make the highly
accurate determination.

(Operation during Discharging)

[0049] Next, a description will be given of an operation
in the case where an outside load to be operated by
electric power from the electric storage apparatus 1 is
connected to the outside connecting terminal 50 of the
protective circuit 10, and then, the lithium-ion secondary
cell 20 electrically discharges with reference to the flow-
chart of Fig. 4.

[0050] The outside load is connected to the electric
storage apparatus 1. When the outside load is started to
be operated, the current value, temperature information,
and voltage value indicating the discharging state of the
lithium-ion secondary cell 20 in steps 201 and 202 are
given by the current measuring unit 13, the thermistor
40, and the battery voltage measuring unit 11 to the
switch controller 14.

[0051] During the operation of the outside load, the
switch controller 14 keeps monitoring the voltage value,
current value, and resistance value obtained from the
units, respectively (step 203). In the case where the dis-
charging state of the lithium-ion secondary cell 20 is re-
garded as being abnormal, specifically, there are numer-
als or numerical variations unsuitable for operational con-
tinuation of the lithium-ion secondary cell 20, forexample,
an increase in temperature, a decrease in voltage, or
fluctuations, it is determined that the electric storage ap-
paratus 1 electrically discharges in an abnormal manner.
Thus, the control routine proceeds to step 204, in which
the latch relay 30 is operated, thereby controlling to turn
the main circuit into the open state.
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[0052] Inthis case, itis preferable that another electric
storage apparatus 1 is connected to the outside load so
as to continue the operation, whereas the old electric
storage apparatus 1 is inspected or maintained.

[0053] Subsequently, when the numerical abnormality
is eliminated by inspection, maintenance, or the like, it
is determined whether or not the lithium-ion secondary
cell 20 is returned to a normal state based on monitoring
of the battery voltage measuring unit 11 or the like by the
switch controller 14 (step 211). If the lithium-ion second-
ary cell 20 is returned to the normal state, the latch relay
30 is turned again into the closed state under the control
of the switch controller 14 (step 205). The electric storage
apparatus 1 can be connected to and cooperated with
the outside load again. Either in the normal operational
state in step 203 or the return state after the detection of
the abnormality in step 205, information about control for
turning the latch relay 30 into the open state is stored in
the drive history memory 16 as the latest state. When
the closed state of the latch relay 30 is recognized, the
charging/discharging voltage measuring unit 12 per-
forms a monitoring operation in step 206.

[0054] The following operation is similar to that at the
time of charging. The drive determining unit 15 acquires
the voltage values from the battery voltage measuring
unit 11 and the charging/discharging voltage measuring
unit 12 and monitors the difference therebetween simi-
larly to the operation during charging (step 207). If the
difference therebetween is less than the predetermined
value (step 208), the control routine returns to step 206,
and then, the drive determining unit 15 keeps monitoring
the measurement values. In contrast, if the difference is
the predetermined value or more (step 208), the control
routine proceeds to step 209. The drive determining unit
15 determines the malfunction of the latch relay 30. The
switch controller 14 that has received the determination
result outputs a control signal so as to turn the latch relay
30 into the closed state (step 210).

[0055] Instep 208, the voltage V1 from the battery volt-
age measuring unit 11 when the latch relay 30 is turned
into the open state is equal to the voltage when the latch
relay 30 is in the closed state. The voltage V2 measured
by the charging/discharging voltage measuring unit 12
substantially floats because the main circuitis in the open
state.

[0056] Inthis manner, in either of the charging and dis-
charging operations, the electric storage apparatus 1 in
the first embodiment can accurately measure the poten-
tial between the two points where the latch relay 30 is
held therebetween in the main circuit, and further, can
confirm whether or not the open or closed state of the
main circuit correctly reflects the control by the protective
circuit. Consequently, it is possible to enhance the de-
termination accuracy with respect to the power path
switch in addition to the power path cutoff in the emer-
gency so as to achieve high reliability.
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(Second Embodiment)

[0057] An electric storage apparatus according to a
second embodiment of the present invention is featured
by making a determining technique by a drive determin-
ing unit 15 during charging different from that of the first
embodiment. Therefore, the configuration is identical to
that of the first embodiment. Explanation will be made
below on the operation with reference to the flowchart of
Fig. 5.

[0058] First, after the start of operation, operation until
the state of a latch relay 30 is stored by a switch controller
14 in a drive history memory 16 is similar to that in the
first embodiment. Therefore, the operations in steps 101
to 106 in Fig. 2 are performed.

[0059] Next, the control routine proceeds to step 301,
in which a charging/discharging voltage measuring unit
12 starts monitoring. At this time, the drive determining
unit 15 takes a monitoring time by the charging/discharg-
ing voltage measuring unit 12 as a time width where a
significant change can be observed. Subsequently, the
drive determining unit 15 starts monitoring a battery volt-
age measuring unit 11 in synchronism with the monitoring
time by the charging/discharging voltage measuring unit
12 (step 302), and then, takes a difference therebetween
(step 303), so as to determine whether or not the differ-
ence signifies a voltage fluctuation having a given change
width (step 304).

[0060] If the voltage fluctuation having a given change
width is found, the control routine proceeds to step 305,
in which the drive determining unit 15 determines the
malfunction of the latch relay 30. The switch controller
14 that has received the determination result outputs a
control signal instructing to close the latch relay 30 (step
306).

[0061] The operations in steps 303 and 304 are based
on the following principle. Specifically, when the latch
relay 30 is opened, it is separated from the lithium-ion
secondary cell 20 so that a voltage measured by the
charging/discharging voltage measuring unit 12 be-
comes unstable, as illustrated in Fig. 6. A voltage V2
measured by the charging/discharging voltage measur-
ing unit 12 reflects a charging voltage Vd on a battery
charger side, and therefore, a ripple component included
in the charging voltage Vd can be directly measured. In
contrast, since a voltage V1 as a DC power supply on
the side of the lithium-ion secondary cell 20 normally does
not include any ripple component, the ripple component
as a difference therebetween can be extracted as it is.
[0062] Consequently,inthe case where the fluctuation
of an absolute value |V2-V1| of the difference in voltage
is greater than a predetermined value, the malfunction
of the latch relay 30 is recognized in the same manner
as in the first embodiment.

[0063] In the case where the average of the voltage
V2 is substantially the same as the voltage V1, the ab-
solute value |V2-V1| of the difference in voltage becomes
small. The predetermined value used for determination
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or comparison needs to be precise. In the present em-
bodiment, the ripple component is measured for compar-
ison based not on the simple comparison of the numerical
magnitude but on qualitative study, thus achieving more
accurate determination.

[0064] As described in the first embodiment, the latch
relay 30 is a self-holding switch which can be kept in the
open or closed state without any application of a current
from each of the units in the protective circuit 10, and
therefore, the latch relay 30 itself does not cause the
fluctuations of the voltage in the main circuit. This con-
figuration is suitable for monitoring the ripple component.
[0065] Inthis manner, according to the electric storage
apparatus in the second embodiment, a potential fluctu-
ation is measured between two positions where the latch
relay 30 is held in the main circuit. Itis possible to confirm
based on the measurement result whether or not the
open or closed state of the main circuit correctly reflects
the control by the protective circuit. Consequently, it is
possible to reduce the possibility of the malfunction of
the protective circuit caused by the intrusion of an outside
noise or the like, so as to achieve highly accurate deter-
mination.

[0066] Incidentally, the descriptions have been given
above of the first and second embodiments in which the
electric storage apparatus 1 is designed to determine the
malfunction when the latch relay 30 is controlled to be
turned into the closed state by the switch controller 14 in
the main circuit. However, the electric storage apparatus
1 may be designed to determine the malfunction when
the latch relay 30 is controlled to be turned into the open
state.

[0067] Fig. 7 is a flowchart illustrating an operation in
one example.

[0068] Inthe same manner as in the above-described
embodiments, in the state in which each of measuring
units in a protective circuit 10 starts measuring (steps
401 and 402), charging is started during a charging op-
eration (step 403) whereas discharging follows the op-
eration of an outside load during a discharging operation.
[0069] Next, it is determined whether or not there is
abnormality such as overcharging or overdischarging in
the charged or discharged state (step 404). If there is
abnormality, a latch relay 30 is driven to be turned into
an open state (step 405).

[0070] In this state, a charging/discharging voltage
measuring unit 12 starts monitoring (step 406). A drive
determining unit 15 acquires voltage values from a bat-
tery voltage measuring unit 11 and the charging/dis-
charging voltage measuring unit 12 that have been op-
erated heretofore, and then, obtains a difference there-
between (step 407).

[0071] A main circuit monitors voltages V1 and V2 at
two points where the latch relay 30 is held as the same
potentials. In the case where the magnitude [V2-V1| of
the difference between the voltages becomes substan-
tially 0 [V] (step 408), the drive determining unit 15 de-
termines the malfunction of the latch relay 30 (step 409),
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thus controlling a switch controller 14 in such a manner
astoturn the latch relay 30 into the open state (step 410).
[0072] Incidentally, "substantially O [V]"in step 408 sig-
nifies the case where the magnitude |V2-V1| continuous-
ly falls within an error range of the precision of a meas-
urement device during a predetermined period of time
(e.g., 0.3 second) or more or the case where the magni-
tude |V2-V1| is determined at a predetermined time in-
terval (e.g., 0.1 second) and falls within an error range
of the accuracy of a measuring device a predetermined
number of times (e.g., 3 times) or more.

[0073] In contrast, in the case where the magnitude
|V2-V1] is regarded as not 0 [V] but a significant value,
the control routine returns to step 406, and then, the drive
determining unit 15 keeps monitoring each of the meas-
urement values.

[0074] In this manner, even if the protective circuit 10
is operated in the open state, the electric storage appa-
ratus 1 is provided with the latch relay 30, and further,
the voltages at the two points upstream side and down-
stream side of the latch relay 30 are measured, thus re-
ducing the possibility of the malfunction of the protective
circuit so as to achieve the highly accurate determination.

(Third Embodiment)

[0075] An electric storage apparatus according to a
third embodiment of the present invention is featured by
determination in consideration of a current in addition to
a voltage in a drive determining unit 15. Therefore, the
configuration is identical to that of the first embodiment.
Explanation will be made below on the control in which
determination based on a current value is added to de-
termination based on a voltage value in the above-de-
scribed embodiments with reference to the flowcharts of
Figs. 8A and 8B.

[0076] When a difference between voltage values
measured by a battery voltage measuring unit 11 and a
charging/discharging voltage measuring unit 12 is equal
to or more than a predetermined value in step 109 in the
flowchart of Fig. 2 during charging, the drive determining
unit 15 transitions to step 501 in the flowchart of Fig. 8A.
Moreover, the drive determining unit 15 acquires a cur-
rent monitored by a current measuring unit 17, and then,
determines in step 502 whether or not the value is sub-
stantially 0 [A]. Here, "substantially 0 [A]" signifies not
only that no flow of a measured current is detected but
also that a significant value within an error range of ac-
curacy of the current measuring unit 17 is detected.
[0077] In the case where it is determined that the cur-
rent is substantially 0 [A], the drive determining unit 15
transitions to step 110 in the flowchart of Fig. 2, and then,
determines the malfunction of a latch relay 30 so as to
allow a switch controller 14 to drive the latch relay 30. In
contrast, in the case where it is determined that the cur-
rent is not substantially 0 [A], the drive determining unit
15 transitions to step 107 or 501, and then, it continues
determining the operational state of the latch relay 30
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based on the voltage value and the current value.
[0078] Duringdischarging, the operations in steps 501
and 502 are performed between steps 208 and 209 in
the flowchart of Fig. 4.

[0079] The drive determining unit 15 may allow the op-
erations in steps 501 and 502 to be performed between
steps 304 and 305 in the flowchart of Fig. 5.

[0080] Next, explanation willbe made on control added
with determination based on a current value in determin-
ing malfunction when the latch relay 30 is controlled to
be turned into an open state with reference to the flow-
chart of Fig. 7 and the flowchart of Fig. 8B.

[0081] The drive determining unit 15 transitions to step
601 in the flowchart of Fig. 8B when the difference be-
tween the voltage values measured by the battery volt-
age measuring unit 11 and the charging/discharging volt-
age measuring unit 12 is substantially 0 [V] in step 408
in the flowchart of Fig. 7. Moreover, the drive determining
unit 15 acquires a current monitored by a current meas-
uring unit 17, and then, determines in step 602 whether
or not the value is substantially larger than 0 [A]. Here,
"substantially larger than 0 [A]" signifies not only that the
flow of a measured current is detected but also that a
significant value beyond an error range of accuracy of
the current measuring unit 17 is obtained.

[0082] In the case where it is determined that the cur-
rent value is substantially larger than 0 [A], the drive de-
termining unit 15 transitions to step 409 in the flowchart
of Fig. 7, and then, determines the malfunction of a latch
relay 30 so as to allow a switch controller 14 to drive the
latch relay 30. In contrast, in the case where it is deter-
mined that the current is not substantially larger than 0
[A], the drive determining unit 15 transitions to step 406
or 601, and then, it continues determining the operational
state of the latch relay 30 based on the voltage value
and the current value.

[0083] As described above, according to the electric
storage apparatus in the third embodiment, the determi-
nation based on the current value measured by the cur-
rent measuring unit 17 is utilized in addition to the voltage
values measured by the battery voltage measuring unit
11 and the charging/discharging voltage measuring unit
12, so that the accuracy of the determination of the mal-
function of the latch relay 30 can be further enhanced.
[0084] Although the determination based on the cur-
rent value illustrated in Figs. 8A and 8B is carried out
after the determination based on the voltage value in the
above-described descriptions, the determination based
on the current value may be carried out before the de-
termination based on the voltage value or in parallel to
the determination based on the voltage value. Particu-
larly in the case of the parallel determination, the latch
relay 30 can be rapidly controlled, so that the reliability
of the electric storage apparatus 1 can be enhanced.
[0085] In the above, the determination based on the
current value has been based on the current value mon-
itored by the current measuring unit 17. However, the
determination based on the current value may be based
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on the current value monitored by the current measuring
unit 13. Alternatively, the current measuring units 13 and
17 may be concurrently used.

[0086] However, the single use of the current measur-
ing unit 17 as described above is preferred for the follow-
ing reason. Since the current measuring unit 13 is dis-
posed between the outside connecting terminal 50 and
the latchrelay 30, aleakage current flows from the battery
charger or the outside load connected to the outside
connecting terminal 50, thereby raising a concern that
the current owing to the lithium-ion secondary cell 20
cannot be correctly detected. In contrast, the single use
of the current measuring unit 17 for directly measuring
the current flowing in a negative electrode of the lithium-
ion secondary cell 20 can achieve the highly accurate
determination with high reliability.

[0087] The current measuring unit 17 is designed to
directly measure the current flowing in the negative elec-
trode of the lithium-ion secondary cell 20. However, the
current measuring unit 17 may measure a current flowing
between the latch relay 30 and the lithium-ion secondary
cell 20.

(Fourth Embodiment)

[0088] An electric storage apparatus according to a
fourth embodiment of the present invention is featured
by determination based on only a current value in the
case where determination using a voltage value cannot
be made in a drive determining unit 15. Therefore, the
configuration is identical to that of the first embodiment.
[0089] First, operation for inspecting an electric stor-
age apparatus 1 will be described with reference to the
flowchart of Fig. 9. In the state in which no battery charger
or outside load is connected to an outside connecting
terminal 50 or the electric storage apparatus 1 does not
supply or receive a current to or from a battery charger
or outside load, a drive determining unit 15 acquires volt-
age values from a battery voltage measuring unit 11 and
a charging/discharging measuring unit 12 in response to
a control input from the outside or automatically (step
701). The acquired voltage values are stored in the drive
determining unit 15 itself or are compared with a value
preset by a drive history memory 16 (step 702). Here,
the preset value is a fixed value that has been set at the
time of shipment from a factory of the electric storage
apparatus 1, and is equal to a measurement value when
the battery voltage measuring unit 11 and the charging/
discharging measuring unit 12 are normally operated un-
der inspection condition.

[0090] Next, if the measurement values acquired from
the battery voltage measuring unit 11 and the charging/
discharging measuring unit 12 are equal to the preset
values, the control routine proceeds to step 703, in which
it is confirmed that each of the voltage measuring units
is normally operated. In this manner, the inspection
comes to an end. In contrast, if at least either one of the
measurement values is different from the preset value,
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the control routine proceeds to step 704. Thereafter, the
drive determining unit 15 stops the determination based
on the measurement values acquired from the battery
voltage measuring unit 11 and the charging/discharging
measuring unit 12, and then, changes over determination
based on a current value measured by the current meas-
uring unit 17.

[0091] Specifically, steps 107 to 109 in the flowchart
of Fig. 2 in the first embodiment are replaced with steps
501 and 502 in Fig. 8A. Similarly, steps 206 to 208 in the
flowchart of Fig. 4 and steps 301 to 304 in the flowchart
of Fig. 5 in the first embodiment are replaced with steps
501 and 502. Moreover, steps 406 to 408 in the flowchart
of Fig. 7 are replaced with steps 601 and 602.

[0092] In this manner, according to the forth embodi-
ment of the present invention, the battery voltage meas-
uring unit 11 and the charging/discharging measuring
unit 12 are inspected, and then, the determination based
on the current value measured by the current measuring
unit 17 is allowed to be made if there is an inconvenience.
Connsequently, it is possible to enhance the reliability of
the determination of the malfunction of the latch relay 30.
[0093] In each of the above-described embodiments,
the determination of the malfunction of the latch relay 30
by the drive determining unit 15 has been made when
the electric storage apparatus 1 is electrically charged or
discharged. However, the switch operation by the self-
holding switch and the determination by the operation
state determining means may be performed independ-
ently of the charging or discharging operation.

[0094] Such operation is exemplified by a protecting
operation for opening the latch relay 30 based on tem-
perature information monitored by the thermistor 40 or
an outside temperature sensor, notillustrated, in the case
where the electric storage apparatus 1 is placed in out-
side ambient unsuitable for the lithium-ion secondary cell
20 such as excessive high or low temperature ambient.
[0095] Specifically, in the flowchart of Fig. 7 in which
the malfunction of the control for turning the latch relay
30 into the open state is determined, the latch relay 30
is operated based on the temperature measured by the
thermistor 40 in place of steps 401 to 404 in which the
charging/discharging operation is performed. Here, such
a protecting operation may be performed irrespective of
the connection to the battery charger or the outside load
as long as the electric storage apparatus 1 does not elec-
trically charge or discharge.

[0096] In each of the above-described embodiments,
the electric storage apparatus 1 has been configured
such that the battery voltage measuring unit 11 and the
charging/discharging measuring unit 12 individually
measure the potential between the two points, and then,
the drive determining unit 15 determines based on the
difference. However, according to the present invention,
adifference between potentials upstream side and down-
stream side of the latch relay 30 may be directly meas-
ured, and then, the drive determining unit 15 may deter-
mine the malfunction based on the magnitude of the dif-
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ference between the potentials.

[0097] In each of the above-described embodiments,
the description has been given of the electric storage
apparatus 1 in which the switch controller 14 in the pro-
tective circuit 10 forcibly drives the latch relay 30 under
the control by the drive determining unit 15. However,
the present invention may be configured such that only
the drive determining unit 15 determines without forcibly
driving the latch relay 30. In this case, it is much prefer-
able to provide a unit for notifying the outside of the result
of drive determination by the drive determining unit 15.

[0098] Fig. 10 illustrates a configurational example in
which there is provided a notifying unit 60 for notifying
the malfunction of a latch relay 30 upon receipt of a result
determined by a drive determining unit 15. The notifying
unit 60 corresponds to a notifying unit, for outputting a
signal as an alarm so as to allow a user to recognize the
occurrence of abnormality in an electric storage appara-
tus 1. The notifying unit 60 is implemented by an LCD
for displaying a character, an LED for emitting a light
beam, means for outputting a video picture, or sound
outputting means such as a buzzer.

[0099] Withthe above-described configuration, the us-
er can certainly recognize the abnormal operation of the
electric storage apparatus based on the determination
with the high accuracy according to the presentinvention.
Here, the notifying unit 60 may be independently dis-
posed as a dedicated unit or may be implemented by
utilizing an indicator of the LED or the like usually used
in the protective circuit. The configuration of the notifying
unit 60 may be concurrently used with the configurations
of the first to fourth embodiments.

[0100] In each of the above-described embodiments,
the presentinvention has been implemented as the elec-
tric storage apparatus 1 incorporating the lithium-ion sec-
ondary cell 20 therein and having the main circuit serving
asthe charging/discharging circuit. However, the present
invention may be implemented as a power path switch
apparatus that is connected to a constant voltage power
supply such as a power generator and the like or is dis-
posed between power paths for supplying electric power
between two arbitrary points, and then, functions as a
protector for a power path in addition to the power supply.
[0101] Fig. 11isadiagramillustrating the configuration
of a power path switch apparatus 2 provided with an input
terminal 70 connected to an input side of a power path
and an output terminal 80 measured on an output side.
Here, the same or corresponding constituent elements
are designated by the same reference numerals, and
therefore, the detailed explanation will be omitted below.
[0102] The basic operation of the power path switch
apparatus 2 is similar to that in the first embodiment. A
current value measured by a current measuring unit 13
and a voltage value measured by an input voltage meas-
uring unit 11a are monitored. If there is abnormality, a
latch relay 30 is operated to cut off the power path. The
voltages measured by the input voltage measuring unit
11a corresponding to the battery voltage measuring unit
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11 and an output voltage measuring unit 12a correspond-
ing to the charging/discharging voltage measuring unit
12, which are disposed at both ends of the latch relay
30, are monitored all the time when it is confirmed that
the operation of the latch relay 30 is in the closed state.
If a difference between the voltages exceeds a predeter-
mined value, the drive determining unit 15 determines
abnormality. And then, a switch controller 14 is control-
led, thereby turning the latch relay 30 into the closed state
again.

[0103] With the above-described configuration, the
power path cutoff or the power path switch in the emer-
gency can be accurately determined with high reliability
in the same manner as the electric storage apparatus in
each of the embodiments. All of the above-described
configurations of the electric storage apparatus 1 in the
first to fourth embodiments may be arbitrarily applied to
the power path switch apparatus 2.

[0104] In the above-described description, the self-
holding switch according to the present invention has
been the latch relay. However, the self-holding switch is
not limited to the configuration of the well-known relay
as long as it can continue the switching operation without
receiving/transmitting a signal from/to the outside or con-
suming the electric power.

[0105] In the above-described description, the self-
holding switch according to the present invention has
been operated in response to the control pulse signal of
1 bit. However, the information amount is not limited to
the number of bits as long as the switch is controlled in
response to the pulse signal. Moreover, as long as the
switch is controlled in response to the signal having the
information amount of 1 bit, the format is not limited.
[0106] In the above-described description, an electric
storage device according to the present invention is the
lithium-ion secondary cell. However, a nickel-metal hy-
dride rechargeable battery or other various kinds of sec-
ondary batteries may be used as long as the secondary
cell is a chargeable/dischargeable battery by an electro-
chemical reaction. Moreover, like an electric dual layer
capacitor, the electric storage apparatus may be an ele-
ment of a system for directly storing electricity as an elec-
tric charge. In other words, the electric storage device
according to the present invention is not limited by its
specific system as long as it is an element capable of
chargeably/dischargeably storing the electricity.

[0107] Thatis to say, each of the above-described em-
bodiments may be variously modified within the scope
without departing from the gist of the present invention.
[0108] As described above, the present invention can
enhance the determination accuracy regarding the
switch of the charging/discharging path or the power path
so as to obtain the high reliability, and therefore, it is
useful for the secondary battery and the like.
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Claims

1.

An electric storage apparatus comprising:

an electric storage device;

a potential difference measuring unit for meas-
uring a potential difference attwo arbitrary points
on a charging/discharging path for the electric
storage device;

a self-holding switch disposed between the two
points on the charging/discharging path;
acurrent measuring unit for measuring a current
flowing on the charging/discharging path;

a switch controller for controlling switching of the
self-holding switch based on at least the state
of the electric storage device; and

an operational state determining unit for deter-
mining the operational state of the self-holding
switch based on the control state of the switch
controller and at least one of a result measured
by the potential difference measuring unit and a
result measured by the current measuring unit.

The electric storage apparatus according to claim 1,
wherein

the current measuring unit measures the current be-
tween the electric storage device and the self-hold-
ing switch or at one arbitrary point on a path con-
nected to a negative electrode of the electric storage
device.

The electric storage apparatus according to claim 1
or claim 2, wherein

the operational state determining unit causes the
switch controller to drive the self-holding switch in
the case where the operational state of the self-hold-
ing switch and the control state of the switch control-
ler are different from each other.

The electric storage apparatus according to any one
of claims 1 to 3, wherein

in the case where the switch controller controls the
self-holding switch so as to turn it into a closed state,
the operational state determining unit determines
that the operational state of the self-holding switch
is an open state when a difference between an elec-
tric storage device voltage between the electric stor-
age device and the self-holding switch and a charg-
ing/discharging voltage between the self-holding
switch and a charging source or a discharging des-
tination becomes a predetermined value or more.

The electric storage apparatus according to any one
of claims 1 to 3, wherein

in the case where the switch controller controls the
self-holding switch so as to turn it into a closed state,
the operational state determining unit determines
that the operational state of the self-holding switch
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is an open state when the range of fluctuations of a
difference between an electric storage device volt-
age between the electric storage device and the self-
holding switch and a charging/discharging voltage
between the self-holding switch and a charging
source or a discharging destination becomes a pre-
determined value or more.

The electric storage apparatus according to any one
of claims 1 to 3, wherein

in the case where the switch controller controls the
self-holding switch so as to turn itinto a closed state,
the operational state determining unit determines
that the operational state of the self-holding switch
is an open state

when the magnitude of a difference between an elec-
tric storage device voltage between the electric stor-
age device and the self-holding switch and a charg-
ing/discharging voltage between the self-holding
switch and a charging source or a discharging des-
tination or the range of fluctuations of the difference
becomes a predetermined value or more, and fur-
ther, the current measured by the current measuring
unit is substantially 0 [A].

The electric storage apparatus according to any one
of claims 1 to 3, wherein

in the case where the switch controller controls the
self-holding switch so as to turn it into an open state,
the operational state determining unit determines
that the operational state of the self-holding switch
is a closed state when a difference between an elec-
tric storage device voltage between the electric stor-
age device and the self-holding switch and a charg-
ing/discharging voltage between the self-holding
switch and a charging source or a discharging des-
tination becomes substantially 0 [V].

The electric storage apparatus according to any one
of claims 1 to 3, wherein

in the case where the switch controller controls the
self-holding switch so as to turn it into an open state,
the operational state determining unit determines
that the operational state of the self-holding switch
is a closed state

when a difference between an electric storage de-
vice voltage between the electric storage device and
the self-holding switch and a charging/discharging
voltage between the self-holding switch and a charg-
ing source or a discharging destination becomes
substantially 0 [V], and further, the current measured
by the current measuring unit is substantially larger
than 0 [A].

The electric storage apparatus according to any one
of claims 1 to 8, wherein

the self-holding switch is switched in response to a
pulse signal.
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10. The electric storage apparatus according to any one
of claims 1 to 9, wherein
the self-holding switch is a latch relay.

11. The electric storage apparatus accordingtoanyone %
of claims 1 to 10, further comprising:

a notifying unit for notifying an alarm in the case
where the operational state of the self-holding
switch determined by the operational state de- 170
termining unit is different from the control state

of the switch controller.

12. A power path switch apparatus comprising:

15
a potential difference measuring unit for meas-
uring a potential difference between two arbi-
trary points on a power path;
a self-holding switch disposed between the two
points on the power path; 20
acurrent measuring unit for measuring a current
flowing on the power path;
a switch controller for controlling switching of the
self-holding switch based on at least the opera-
tional state on the input side of the power path; 25
and
an operational state determining unit for deter-
mining the operational state of the self-holding
switch based on the control state of the switch
controller and at least one of a result measured 30
by the potential difference measuring unit and a
result measured by the current measuring unit.

13. Apower path switch method comprising the steps of:

35
measuring a potential difference between two
arbitrary points on a power path;
measuring a current flowing on the power path;
controlling switching of a self-holding switch dis-
posed between the two points on the power 40
path by a switch controller based on at least the
operational state on the input side of the power
path; and
determining the operational state of the self-
holding switch based on the control state of the 45
switch controller and at least one of the meas-
urement result of a potential difference and the
measurement result of a current.
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